A simplified HEp-2 cell adhesion assay was performed with stored Escherichia coli isolates from 761 children with acute diarrhea and 531 matched controls, and the results were evaluated by means of fluorescent actin staining and hybridization with DNA probes. The prevalence rates of localized adherence and aggregative adherence were significantly higher for patients (9.9 and 7.6%, respectively) than for controls (3.7 and 3.9%, respectively).
A simplified HEp-2 cell adhesion assay was performed with stored Escherichia coli isolates from 761 children with acute diarrhea and 531 matched controls, and the results were evaluated by means of fluorescent actin staining and hybridization with DNA probes. The prevalence rates of localized adherence and aggregative adherence were significantly higher for patients (9.9 and 7.6%, respectively) than for controls (3.7 and 3.9%, respectively).
Escherichia coli which adhere to cultured epithelial cells have been recently described as causes of acute and persistent diarrhea in children (10) . Bacteria that show localized adhesion (LAEC) to HEp-2 cells, forming adherent microcolonies, are consistently found in specimens from children with acute nonbloody diarrhea and can be associated with certain enteropathogenic E. coli serogroups (10) . Diffusely adherent E. coli (DAEC) adheres all over the cell and has been shown to be associated with diarrhea in some studies (5) but not in others (6) . E. coli strains demonstrating aggregative adherence (EAggEC), a mechanism by which bacteria aligned in parallel rows adhere to both tissue culture cells and glass, are associated mainly with persistent diarrhea (3). We earlier reported a detailed study of the prevalence of enteric pathogens in 916 children with acute diarrhea and 587 matched controls (11), in which one or more bacterial, viral, or parasitic pathogens were isolated in specimens from 75.54% of the patients and 49.23% of the controls. All fecal isolates of E. coli had been stored in nutrient agar deeps at 4ЊC, and these samples were tested by a simplified HEp-2 cell adherence assay. We also report the results of a survey to identify genetic markers in these organisms.
Seven hundred ninety-four isolates from 761 children less than 36 months old with acute diarrhea of less than 72-h duration, with no history of antibiotic or antiparasitic therapy in the previous 10 days, and 566 isolates from 531 age-and socioeconomic-status-matched controls recruited from a wellbaby clinic were recovered. These isolates were grown in 1 ml of Luria broth for 16 h at 37ЊC for use in the adhesion assay.
Monolayers of HEp-2 cells were grown overnight at 37ЊC with 5% carbon dioxide on 10-spot multitest slides (Flow Laboratories) to yield at least 50% confluence. Each spot required 40 ml of a suspension containing 10 6 cells per ml. The slides were washed three times in minimal essential medium without additives, and the Teflon-coated area between the spots was dried carefully with a fine cotton-tipped swab. Forty microliters of the overnight bacterial culture was added to 0.5 ml of minimal essential medium containing 2% fetal calf serum and 1% methyl-␣-mannoside and mixed well, and 25 ml of this suspension was overlaid onto each test spot. The slides were then incubated at 37ЊC with 5% carbon dioxide for 3 h, washed three times with minimal essential medium, fixed with 70% ethanol, and stained with 10% Giemsa stain. The slides were examined under the oil immersion lens of a light microscope.
The fluorescent actin staining (FAS) assay was done for all LAEC, for 10 DAEC, and for 10 EAggEC isolates, as described by Knutton et al. (8) , and the monolayer was examined by fluorescence and phase-contrast microscopy.
Serogrouping was done for all LAEC strains by slide agglutination with Wellcome enteropathogenic E. coli antisera for all serogroups commonly causing infantile diarrhea (10) .
Colony blots of 10 strains each of LAEC, DAEC, and EAggEC and 12 strains showing a mixed pattern of adherence were hybridized with the EAgg, DA, eae, and EAF probes (a gift from D. Acheson, New England Medical Center, Tufts University, Boston, Mass.). The origins and construction of these probes have been described previously (2, 5, 7, 12) . The plasmids were prepared, purified, and digested with restriction endonucleases and then were labelled with digoxigenin-dUTP and were detected by using the Genius system (Boehringer Mannheim).
A preliminary study comparing the adherence assay as originally described, with cells grown on coverslips, with the simplified technique using multitest slides showed identical results. The use of multitest slides allowed handling of up to 60 isolates per day, while the technique required less than half the reagents and fetal calf serum used by the conventional techniques, resulting in a considerable reduction of handling time and costs.
Of the E. coli strains isolated from children with acute diarrhea and from comparable controls, 48.7 and 40.6%, respectively, adhered to HEp-2 cells in culture. It is important to note that some genes coding for adherence and other virulence factors may have been lost during the prolonged storage at 4ЊC. LAEC occurred significantly more frequently in specimens from children with acute diarrhea (9.9%) than in control specimens (3.7%; P Ͻ 0.001) ( Table 1) . EAggEC also occurred significantly more frequently in specimens from patients (7.6%) than in control specimens (3.9%; P Ͻ 0.01). More than one pattern of adherence was found in a small percentage of isolates from both groups. There was no significant correlation between any particular adherence pattern and the occurrence of other pathogens. Inclusion of LAEC and EAggEC as pathogens increased the rate of identification of pathogens in spec-imens from patients from 75.54 to 79.20% and in controls from 49.23 to 54.46%.
The prevalence rates of DAEC in specimens from patients (29.9%) and controls (32.5%) were similar, suggesting that DAEC does not play a significant role in acute diarrhea of South Indian children, but it has also been suggested that discrepant results between studies seeking to define the role of DAEC may be due to technical variations.
All 100 LAEC strains, 79 from children with acute diarrhea and 21 from controls, were FAS positive. Thirty-seven FASpositive E. coli strains belonged to the classical enteropathogenic E. coli serotypes, and 29 of these were detected in specimens from patients. No actin accumulation was seen in HEp-2 cells at the sites of adherence of DAEC and EAggEC.
The eae probe hybridized with all 10 locally adherent FASpositive strains, but the EAF probe was negative for 1 of these. Eight of 10 EAggEC strains hybridized with the EAgg probe, and 9 of 10 DAEC strains hybridized with the DA probe. Of the 12 isolates that had shown mixed patterns of adherence in the HEp-2 cell assay, 6 with mixed aggregative-localized adherence patterns were positive in the FAS assay and hybridized with the eae and EAF probes. Two strains showing aggregative-diffuse adherence hybridized with the EAgg probe, and one strain with diffuse-localized adherence hybridized with the DA probe. Three isolates showing mixed adherence patterns, two EAggEC isolates, and one DAEC isolate did not hybridize with any of the four probes.
DNA probes were useful in identifying 9 of the 12 strains that showed more than one predominant adherence pattern. All 16 strains that hybridized with the eae probe were FAS positive and showed some degree of localized adherence. The FAS assay has been repeatedly shown to be a sensitive and specific test for E. coli capable of forming attaching-effacing lesions in vivo. The results of this study indicate that it is also useful in further identifying bacteria that produce a mixed pattern of adherence.
Earlier studies from India, Bangladesh, and Mexico have found that EAggEC occurs more frequently in the early stages of persistent diarrheal disease than in cases of acute diarrhea (1, 3, 4) . However, in Peru, EAggEC isolation rates during acute and persistent diarrheal episodes were similar (9) . LAEC has been associated with acute nonbloody diarrhea in all studies so far. The isolation rates for LAEC and EAggEC in our study are similar to those reported for acute diarrheal episodes of patients from India and Mexico (3, 4) . 
